It has been shown that long dark periods are essential for floral induction of short day plants (6) and are prohibitory of induction of long day plants (4). Therefore, some reaction or reactions which occur in the absence of light are specifically involved in photoperiodic induction. The observation that biotin and pantothenic acid contents of leaves were altered by photoperiodic induction (8) suggested the possibility that the dark fixation of CO2 might be related to photoperiodic phenomena in plants.
It has been shown that long dark periods are essential for floral induction of short day plants (6) and are prohibitory of induction of long day plants (4) . Therefore, some reaction or reactions which occur in the absence of light are specifically involved in photoperiodic induction. The observation that biotin and pantothenic acid contents of leaves were altered by photoperiodic induction (8) suggested the possibility that the dark fixation of CO2 might be related to photoperiodic phenomena in plants.
The present paper represents a study of the possible relationships existing between the dark fixation of C02 and photo-induction in some long and short day plants.
MATERIALS AND METHODS The plants used in these studies include one long day species, Wintex barley, and two short day species, Biloxi soybean and cocklebur (Xanthium commune Britton). These plants were grown in the greenhouse under non-inductive daylengths until each experiment was conducted. Long and short days consisted of daylengths of 18 and 9 hour durations respectively.
For experiments concerning C02-free atmospheres, potted plants were placed in 20-liter large mouth bottles which were sealed at the start of each dark period. Carbon dioxide-free conditions were made possible by the use of a circulating air pump which continuously circulated the atmosphere surrounding the plants through solutions of sodium hydroxide. Barium hydroxide turbidity tests showed that all detachable C02 had been removed after a period of five minutes. Such treatment not only essentially removed the existing CO2 in the air but also lowered the partial pressure to such an extent that respiratory CO2 was presumed to be rapidly removed. Circulation through a water solution was utilized for the control treatment. The air circulation was started 30 minutes before commencement of each dark period. While such conditions may have led to a certain amount of photo-oxidation in the foliage in the light, its effects did not alter the photoperiodic response of the barley plants (table I) , a fact which suggests that the photoperiodic function was not seriously altered by such photo-oxidations. At the end of each dark period the plants were removed from the bottles and placed under natural light intensities. After the plants had received a given number of photoinductive cycles they were again placed under non-inductive daylengths and at the end of 3 weeks the degree of induction was determined by micro-dissection. Dark fixation studies using C02 tagged with C14 were conducted by exposing detached leaves of Xanthium, soybean and the entire aerial parts of barley plants to initial atmospheres of 0.25 % C*02 in glass containers. While some dilution of the radioactivity by respiratory C02 may have occurred, it could not have conspicuously altered the fixation for it can be seen in table II that fixation for two half nights approximately equalled fixation for one entire night period. At the end of each dark period the remaining C*02 in the atmosphere was rapidly removed and the plants dried in a drying oven at 650 C for twenty-four hours. Radioactivity determinations were made on the dried material after it had been ground to pass a 60 mesh screen. All samples were counted at infinite thickness using a windowless flow counter attached to a preset scaler. Sufficient numbers of ionizing events were recorded so that the error in counting was less than 2 %. All counts were corrected only for background.
Red light for night interruption treatments was supplied by encasing a 60 watt incandescent bulb in a red glass filter which transmitted wave lengths longer than 5200 A.
RESU-LTS THE REQUIREMENT FOR CARBON DIOXIDE: In an effort to determine whether C02 is essential for the dark reaction in photoperiodism, experiments were carried out using barley and soybean, depriving the plants of C02 for 15 hours each day, beginning one half hour before the start of the dark period. Dark periods of 9 and 15 hours were given in the presence and absence of C02. The treatment was repeated for 5 days, after which the plants were maintained in non-inductive photoperiods until dissected. Xanthium plants were studied similarly under dark periods of 18, 10, and 6 hours, depriving the plants of The data indicate that under the conditions of these experiments photoinduction in the short-day species, soybean and Xanthium, was grossly inhibited when C02 was removed during the long dark periods. Floral induction in soybean was inhibited 82 %, and in Xanthium it was inhibited 78 %. Further, in Xanthium this inhibition was enhanced when the dark period was shortened to a threshold period of 10 hours of darkness, which resulted in an inhibition of 95 %. It can also be seen in table I that floral initiation of the long day barley was only slightly inhibited (15 %) by the C02-free atmosphere under the daylengths tested.
PATTERNS OF CARBON DIOXIDE FIXATION: In an effort to determine the effect of various degrees of induction on the extent of the dark fixation of C02, barley, soybean and Xanthium plants were exposed to from 0 to 4 inductive cycles. Excised leaves were then taken from these plants and exposed to C*02 atmospheres during a single non-inductive night period-8 hours for soybean and Xanthium and 18 hours for barley. The inductive cycles were so arranged that all plants could be studied during the same dark period with all treatments of each species being exposed to the same atmosphere in a single container. The results of this study are shown in figure 1 .
The data suggest that dark fixation of C02 was promoted by the first two inductive cycles in all of the plants when compared to leaves of non-induced plants. These increases for barley, soybean and Xanthium were 50, 26 and 21%, respectively. In the case of barley and Xanthium the greatest total fixation occurred during the first inductive cycle, whereas soybean reached a peak after 2 inductive cycles. Since the data shown in figure 1 suggest that th( dark fixation of C02 may be altered by photoinduc tion, it appeared of interest to examine the respec tive rates of dark fixation of C02 throughout singlE long dark periods. Excised leaves of barley, soybeax and Xanthium were placed in a single container suce that leaves of all three species were exposed to thE same atmosphere of 0.25% C*02. In nine of thesl containers C*02 was generated at essentially the sami time, and the fixation was then stopped at interval. of two hours by removing the leaves from the C*O0 atmospheres and killing them as previously men tioned. The results of such a study are shown ir figure 2.
The data suggest that barley continued to fix C02 throughout the entire dark period while the soybean and Xanthium may reach a fixation equilibrium al about the middle of the long night period. It can be seen that the barley leaves fixed more C*02 during the second half of the dark period than during the first half, while the soybean and Xanthium fixed the bulk of the C*02 during the first half. Such data essentially confirm those presented in figure 2, It appears from these data that red light has a stabilizing influence upon the C02 fixed by the barley leaves in the preceding darkness. The opposite appears to be true for the soybean and Xanthium; red light caused a much more rapid disappearance of the C*02 previously fixed when compared to those leaves which remained in darkness for the same length of time.
Further studies were conducted to determine the Xanthium showed a decrease in dark fixation of C*02 when the leaves had been exposed to red light. DISCUSSION On the basis of the studies reported here, it is suggested that the dark fixation of CO2 is an essential part of the dark reaction in the photoperiodic induction of the short day species tested. This suggestion is based upon the following evidence: a) carbon dioxide fixation does occur during inductive dark periods as shown by the experiments with C*02; b) inductive dark periods are essentially ineffective in the absence of C02; c) night interruption treatments strongly bring about a reduction in the amount of CO2 fixed.
Because it is essentially impossible to remove from the leaves all of the CO2 formed by respiration, it can hardly be expected that the "CO2-free" treatment entirely deprived the leaves of CO2. The fact that a few of the short day plants did differentiate some flower primordia in that treatment may be accounted for on the assumption that some respiratory CO2 was available within the leaves. It is likely that the quantity of CO2 released in respiration is much greater than that fixed metabolically, as has been demonstrated in microorganisms (1) .
Floral induction in the long day species-barleywas only slightly inhibited by a C02-free atmosphere during the dark periods as might have been expected since it is well known that many long day species initiate flowers in continuous light (10) .
There are several striking analogies between the physiological factors which influence the inductive dark period of Xanthium and soybean and the factors which influence the dark fixation of CO2. Each of the processes is identified with darkness, of course.
The effectiveness of a photoinductive dark period is dependent upon the intensity and duration of the preceding light (6) , and the dark fixation of CO2 is similarly dependent (12) . Young mature leaves are commonly the most responsive to photoinduction (3), and the same leaves are most active in CO2 fixation (12) . Moderately cool night temperatures are most effective for photoinduction (11) and are most promotive of CO2 fixation (2) .
It is of interest that night interruption treatments had a two-fold effect on the dark fixation of C*02 in Xanthium and soybeans. First, they promoted an actual loss of C*02 fixed in the preceding 2. The photoinduction of leaves promoted the fixation of C*02 in the dark in all three species tested.
3. CO2 fixation rates during a long dark period appeared to be different in barley than in Xanthium and soybean. 4 . Night interruption treatments showed an opposite effect on C*02 fixation in barley as compared to Xanthium and soybean. Night interruption treatments promoted a loss of C*02 fixed in the preceding part of the dark period and lowered the rate of C*02 fixation in the following part of the dark period in Xanthium and soybean plants.
5. The fixation of C02 in the dark was suggested as a specific physiological factor in the photoperiodic induction of soybean and Xanthium.
This study was supported in part by the Beech- The results of these and similar experiments have suggested that auxins may play a major role in the flower initiation process. It has been suggested (3) that flower initiation in short-day plants may be due to a decrease in auxin. In order to test this idea, the changes in free auxin content were followed during the photoinduction period of short-day plants.
MATERIALS AND METHODS
Two short-day plants well known as to their reaction to photoperiod, were used in the study of auxin changes during photoinduction. These were cocklebur (Xanthium italicum Moretti) and Biloxi soybean (Glycine Soja (L.) Sieb. and Zucc.). Several other plants were also used to determine the effect of photoperiod on the auxin content of the plant. These included Maryland Mammoth tobacco (Nicotiana tabacum L.), stock (Matthiola incana (L). R. Br.), calendula, zinnia, nasturtium and barley. After germination the seedlings were transferred to 4-inch pots. During their vegetative growth the plants were kept under photoperiods that inhibited flowering. For short-day plants this was accomplished by giving supplementary light to provide day lengths of 16 hours. The plants were induced under short-day conditions by placing them in a small dark room just off the greenhouse each afternoon and returning them to the greenhouse each morning. The induced plants received an 8 hour photoperiod. At the same time a
